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S U M M A R Y  
0 \\A43 

Spect ra  of solar l i g h t  r e f l e c t g d  by Venus at lA/mm 
63001 reg ion  (a- oxygen band) have been obtained during the  period 
May- J u l y  1962. With the  approach of Venus to the  Sa r th  a weak absorp- 
t i o n  band w a s  detected on the shortwave s i d e  of t he  t e l l u r i c  oxygen 
band. This band may be due t o  the presence of a ne 
oxygen i n  the upper atmomhere l a y e r s  of Venus. 

d i spe r s ion  in t h e  

e amount of 

* * * 
As Venus d r i f t e d  away from the  Zarth i n  August-October 1961, 

s p e c t r a  of solar l i g h t  r e f l e c t e d  by Venus were obtained during early 
morning observat ions in the  t e l l u r i c  d -oxygen band reg ion  ( h 6300 11) 
a t  a d ispers ion  of l Z / m  [l], a n d  s tudied.  As a r e s u l t  of a careful  
photometric processing, t h e  presence of weak absorp t ion  l i n e s ,  s i t u a t e d  
at the longwave side of oxygen t e l l u r i c  l i n e s ,  w a s  es tab l i shed .  The 
assunption was voiced, t h a t  these  weak l i n e s  could be explained by 

absorpt ion of oxygen situated i n  the upper l a y e r s  of Venus' atmosphere. 

The then observed s h i f t  of the de tec ted  weak l i n e s  as a function of 
the v a r i a t i o n  of the r e l a t i v e  motion v e l o c i t y  of Venus toward the  W t h  

corroborated t h a t  assumption. 
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2. 

However, the observation of sirrilar weak l i n e s  from t he  sho r t -  

wave s i d e  from t e l lu r i c  l i n e s  could c o n s t i t u t e  a s u b s t a n t i a l  corrobore- 

t i o n  of such conclusion. To t h a t  e f f e c t ,  observat ions should be conduct- 

ed during the per iod of Venus approaching the  Earth (evening observat ions) .  

Only a s i n g l e  spectrum resyonding :o such condi t ions could be obtained 

i n  February 1961. 
a n a l y s i s  and thus  could not be s u f f i c i e n t  f o r  concluding of the presence 

of similar weak l i n e s  on the  shortwave s i d e  of the  t e l l u r i c  l i n e  contour. 

However, i t  was not  adequate for  a c a r e f u l  photonet r ic  

Evening obserbat ions were pursued i n  Mc?:-JPly 1962 by means of the  

same spectrograph E l ] .  A f i lm A-660 of experimental manufacturing w a s  

used as the  photogranhic x t e r i a l .  Our exDeriment has  shown, t h a t  t h i s  

f i l m  had nothing t o  y i e l d  t o  photogranhic p l a t e s  Kodak 1 0 3 a E ,  02 which 
the  1961 s p e c t r a  were obtained; the only d i f fe rence  co l l s i s t s  in a s l i g h t l y  

coarser  grain. ,u i te  good spec t r a  were obtained with t h i s  film in July 
1962 with a 90-ainute exposure, vhich were subsequently s u b j e c t  t o  a care- 
f u l  photometric processing. During the same per iod  a solar spectrum was 

abtained with an exposure of  -3Osec and  a he ight  of the  Sun above the  

horizon of +loo. :;hen photographing the Sun's spectrum, the main mirror 
of the  tower te lescope was stopned down by a per fora ted  diaphragm. Inten-  

s i t y  marks were obtained s i m l t a n e o u s l y  i n  the phys ica l  l abora tory ,  us ing  

a KSd-1 spectrograph, by means of a step-by-step reducer:  en incandescent 

lamp sermd -s the l i g h t  source, the  vol tage  b t i n g  so chosen t h a t  the du- 
r a t i o n  of the exposures be equal t o  the dura t ion  a t  photographing Venus' 
and Sun's spec t ra .  A l l  f i lms  were rieveloped s imultaneowly.  

The same 10 l i n e s  of the P-branch of the cc-oxygen band t h a t  were 

u t i l i z e d  e a r l i e r  [l] have been s u b j e c t  t o  photometric ana lys i s .  However, 

i n  t h i s  case we have been meeting with se r ious  d i f f i c u l t i e s ,  t o  which 
a t t e n t i o n  had alrcacy been drawn i n  [l]. Ne reproduced in F i g . l  the  

combined contour of 9 t e l l u r i c  band l i n e s  from r e f .  [l], 
a weak absorpt ion l i n e  on the  longwave wing ( p o s i t i v e  AX). The position 
of t h i s  band corresponds to  Dopyler s h i f t  i n  Venus' spectrum (shown by 
an arrow). Tie p o s i t i o i  of the l i n e s  of the s o l a r  spectrum (0 ) , t a k i n g  

which reveals 
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i i g .  1. - Averaged contour of t e l l u r i c  l i n e s  of t he  0c- oxy- -. 
gen band, obtained by Venus spectrum photograph 

of 22 -23 . h W s t  1961. 

i n t o  account the Doppler s h i f t s , t h e  atmospheric bands of w a t e r  vapor (a) 
and of oxygen isotope. .'.s may be seen from Fig. 1, t h e r e  are no interfering 
s o l a r  or water vapor l i n e s  on the longwave wing of the  region necessary 

t o  us. Only one l i n e  of oxygen i so tope  016, 0l8 e x i s t s  there ,  which is 
very weak (1: 600 by i n t e n s i t y ) .  A considerable  accumulation of water 
vapor lines is noted on the shortwave s i d e  of the contour (negat ive bo 
i n  the region A >  from - 0.15 t o  - 0.40 A. The presence of these l i n e s  
c o n s t i t u t e s  p r e c i s e l y  the main d i f f i c u l t y  a t  spectrum analysis .  The te l -  

0 

l u r i c  l i n e s ,  near which these bands a r e  found, could be excluded from 
the  ana lys i s ;  however, in such case too  f e w  l i n e s  would be l e f t  f o r  the 

s t a t i s t i c a l  processing. The Table (next page) i l l u s t r a t e s  the disposi- 
t i o n  of the t e l l u r i c  l i n e s  of oxyeen and water vapors from the shortwave 

s ide .  This Table shows t h a t  there  is  not  a s i n g l e  t e l l u r i c  oxygen l ine  

near  which a water vapor l i n e  would not  be seen wi th in  the  limits t o  - 
0 - 0.5 A. 
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It should be noted t h a t  at  evening observat ions of Venus, the  

r o l e  of water vapors is somewhat more e f f e c t i v e ,  than i n  the  morning. 

Zvening observat ions start after sunse t ,  when Venus is high over the  

horizon, A t  such pos i t i on ,  a c e r t a i n  amount of favorable  time f o r  t he  

photograFhing of spectrum is spent  on te lescope s e t t i n g .  The _ohotogra- 

phing of the  spectrum is continued t o  a r a t h e r  low p o s i t i o n  of Venus 

above the horizon, when the r ad ia t ion  fron i t  passes  a great thickness  

of the Zarth’s  atmosphere, T A B L E  

During morninc observations,  the low pos i t i on  of Venus above 

the  horizon is used f o r  telescope s e t t i n g ;  photographing begin6 when 

Venus r i s e s  t o  8 - 10’ above the horizon, and is pursued through sunr i se ,  

i, e. a t  nornin,? observat ions the e f f e c t i v e  thickness  of the Ear th’s  

atzosphere is s u b s t a n t i a l l y  l e s s  than i n  the evening. 

Taking a l l  t h i s  i n t o  account, i t  w a s  decides  t c  ezc7.ude from 

a n a l y s i s  only those po r t ions  of the spectrum, where Llending of sepa ra t e  

wings of the  t e l l u r i c  oxygen l i n e s  is c l e a r l y  seen on the  registrograms, 

The photometric anti lysis was conducted here ,  as descr ibed i n  [l]. 
la a r e s u l t  of superimposit ion of s epa ra t e  t e l l u r i c  l i n e  contours,  a.n 

average contour w a s  obtained, which w a s  then sub jec t  t o  f u r t h e r  ana lys i s .  

Such an averaged contour, obtained by the  s o l a r  spectrum, is 
p l o t t e d  in Fig. 2. Above i t ,  the d i spos i t i on  of s o l a r  l i n e s  (a) and 
of water vapor l i n e s  ( a )  is shown. As should have been expected, 

t h i s  contour was found t o  be very symmetric. I n  order  t o  o u t l i n e  
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' F i g . 2 .  - Averaged contour of telluric lines of the d -oqrgen 
band obtained by the Sun's spectrum 

c 

Fig .  3. - Averaged sy=ctrLunof telluric l ines  of the ol - oxygen 
s band obtained by pkotographs of Venus's spectrum 

on 5, 6 and 27 July 1962. 
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the  r o l e  of water vapor absorption l i n e s ,  we p l o t t e d  the  d i f f e rences  

of  the  p o i n t s  of the b lue  (shortwave) and r ed  (longwave) wings of the 

contour - h(b lue - red ) .  The s c a l e  of t he  d i f f e rence  was magnified X g  
by comparison with t h a t  of the contou;. for  b e t t e r  demosntration. The 

course of the d i f fe rence6  r evea l s  a c e r t a i n  influence of w a t e r  vapor 

absorp t ion  l i n e s  (po in t s  a, 5 , e  , 2). On t h e  whole, however, t h e  p o i n t s  
are d i s t r i b u t e d  on both s i d e s  of the  eero line. 

The average contour of t e l l u r i c  oxygen l i n e s  i n  Venus' s p e c t r a  

obtained on 5, 6 and 27 J u l y  1962 at  the r e spec t ive  Dopller s h i f t  of 
0.26 A (5 and 6 )  and 0.27 f ,  
p o s i t i o n  of s o l a r  l i n e s ,  taking i n t o  account the  DopDler s h i f t  (a), 
and t h a t  of the atmospheric ones ( a ) .  The contour is a l s o  s u f f i c i e n t l y  

symmetric; however, i t  d i sc loses  a c e r t a i n  depression i n  the shortwave 
wing, which is p a r t i c u l a r l y  well  v i s i b l e  on the d i f fe rence  curve A ( b - r d )  

shown i n  the  same Figure,  the  s c a l e  being inc rease  f i v e f o l d  along t h e  

ordinates .  As may be seen, the curve o f  d i f f e rences  A is sys t ema t i ca l ly  

r u m i n g  below the  zero l i n e  over t he  por t ion  -0.10 

is p a r t i c u l a r l y  not iceable  by conparison with the  similar curve in Fig.2. 
If i n  the l a t t e r  the po in t s  of the curve are d i s t r i b u t e d  near  t he  zero 

l i n e ,  then i n  the  case of the Venus' spectrum, t h e  curve is sys temat ica l -  

l y  s h i f t e d  downward. T h i s  displacement is  p a r t l y  due t o  the  presence 

i n  the smctruru oi Venus of t e l l u r i c  l i n e s  of water vapor absorption. 

(a, 6, e ,  z i n  F ig .2) .  

is p l o t t e d  i n  Fig. 3. We marked above the  

+0.40 i, which 

--s follows from 2iq. 2. t h e  i ?d i ca t ed  water vapor absorp t ion  l i n e s  

cannot, howe-er, wholly ex-Jlain thz observed s h i f t  of t he  d i f f e rence  

curves, and the  more so, since the m a x i m u m  of t h i s  s h i f t  is s i t u a t e d  at  
a d is tance  of - - 0.26 R ,  correspondine t o  Doppler s h i f t  i n  Venue' 

spectrum ( ind ica t ed  by an a r r o w  i n  Fig. 3). 
Thuc, w e  reach the conclusion, t h a t  even i n  t h i s  case, the  pre- 

sence of a weak absorpt ion l i n e  caused by the  presence of neg l ig ib l e  
amounts of oxygen i n  the upper l a y e r s  of Venus' atmosphere, is  revealed 

from the shortwave s i d e  of t e l l u r i c  oxygen l i n e s '  Contour when Venus 

d r i f t s  nearer  the  Earth. 
***  THE EFJD e * *  
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